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0 ELECTRIC ELEMENT AND METHOD OF CONTROLUNQ CONDUCTIVnrY. 



0 /Kn electric element comprising a v^onjugated 
system macromolecuie having a property that its 
conduct] v:'y is Varied by the excitation due to the 
polar- of a dielectric and a fenroelectric pro- 
the macromolecuie. The electric element 
. jnction of controlling the conductivity of the 
conjugated system macromolecuie iDy applying an 
electric field to the fenroelectric substance. The elec- 
tric element is used as a relay element, storage 
element, switching element or the tike. 
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Technical Fteld 

The present invention relates to an electric 
element and a method of controlling the electric 
conductivity of a v^njugated macromolecular mar 
teiial by means of excitation of the ir-conjugated 
macromolecular material, which excitation is caue- 
ed by polarization of a ferroelectric material under 
the influence of an electric field 
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Background Art 

A Field-Effed Transistor (abbreviated as FET) 
using an electric-conductive high polymer to simu- 
late an SI transistor is known as an electric 
conductivity-controlled element which is responave 
to electnc signals for controlUng the electric con- 
ductivity of an organic substance, and is discussed 
for instance by F. Ebisawa et al. in J. Appl. 
Phys.54 (1983) 3255; A. Tsumura et aL in Chem. 
Lett. (1986) 863; A. Tsumura et al. In Appl. Phys. 
Lett.49 (1986) 1210; H. Koezuka et al. in Synth. 
Met. 18 (1987) 699; A. Tsumura et al. In Synth. 

Met ,25 (1988) 11 eta 

Polymer trari^stors which are discussed in 
these put>lications are of the same structure as 
l^at-Oxtde-Semiconductor (abbreviated as MOS) 
or Metal-tnsulator-Semiconductor (abbreviated as 
MIS). These polymer transistors work like a MOS- 
FET made of Si. and their operating principle is 
supposed to be as follows: 

F\q2 illustrates the construction of a conven- 
tional polymer transistor. Now assume in this Rg- 
ure that a conductive polymer semiconductor 1 1 is 
of P-type. When an electric potential whidi is neg- 
ative witii respect to a metal electrode (source) 12 
is applied to a metal electrode (gate) 13, positive 
polarization charges appear on tiie interface be- 
tween the semiconductor 11 and an insulator layer 
15 to cause accumulation of positive lioles on the 
semiconductor surface. Conversely a given positive 
potential is applied to tiie gate metal electrode 13, 
causing appearance of negative polarization 
charges on the interface between the semiconduc- 
tor 11 and insulator layer 15 whereby said negative 
charges and the positive holes in the P-type semi- 
conductor cancel each other, thus forming a deple- 
tion region. Electrons will be increasingly accu- 
mulated on the semiconductor surface as the posi- 
. five potential increases, and an "n-invertion layer* 
will finally be formed. If a potential gradient should 
appear along the semiconductor surface, positive 
holes or electrons (caniers) in the accumulated 
layer will be transfened therealong. The width of 
the passage (channel) through which these carriers 
travel will vary with a potential applied to tiie semi- 
conductor surface. Thus, the width of the channel, 
that is, the conductivity of carriers between a metal 
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elediode (drain) 14 and ttie metal electrode 
(source) 12 can be controlled by oontrdSng tiie 
potential difference or voltage between tiie metal 
electrode (source) 12 and the metal electrode 
(gate) 13. 

An example of anoflier conventional polymer 
transistor is an FET using Ionization conduction in 
a soikl electrolyte which consists of a high poly* 
merle organic substance. TWs type of polymer 
transistor is discussed by L Campanella el at in 
Analusis. 16 (1988). 120-124. 

Al any rate, a conventional FET type cfivtee 
cannot control potentials to be applied to its gate, 
drain and source electrodes independentiy or sepa- 
rately, and ttierefore, it cannot be used for instance 
as a relay element 

Dlsck)sura of tiie Invention 
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An object of tiie present invention is to provide 
a metiiod of controlling tiie electric conductivity of 
a «-con]ugatBd macromolecular material by putting 
individual molecules of tiie ^-conjugated macro- 
molecular material in the excited states (by exciting 
individual molecules of ir-conjugated macro- 
molecular materials) through tiie polarization of a 
fenroelectric material: and anottier obiect of tiie 
present invention is to provide an electric element — 
which is capable of controlling its electric con- 
ductivity according to a totally new operating prin- 
ciple. 

To attain tiiese obiects of tiie present invention 
a polarizable ferroelectric material is disposed 
close to the w-conjugated macromolecular material, 
preferably an oriented v-coniugated macro- 
molecular material. 

More specifically, the electric element of ttie 
present invention Is characterized by comprising a 
wconjugated macromolecular material vrith which 
at least two electrodes are in ohmic contact and 
can decrease in electric conductivity by being put 
in tiie excited states by being excited due to ttie 
polarization of a dielectric substance, a fenroelectric 
material disposed close to the v-conjugated macro- 
molecular material and electrodes for applying an 
electric field of a given strengtti to said ferroelectric 
material. 

Furttier. ttte electric conductivity controlling 
mettiod of tiie present invention comprises apply* 
ing an electric field of a given strengtti to said 
ferroelectric material to cause polarization therein 
whereby said ix-conjugated macromolecular ma- 
terial is put in tiie excited states (exited) and ttien 
pennitting said v-conjugated macromolecular ma- 
terial to vary in electric conductivity correspond- 
ingly witii tiie strengtii of said electric field so 
applied. 

Furtiier description of tiie invention is given 
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The «*conjugated macromolecular material re- 
ferred to herein comprises a polymer In which 
txmds formed by overiap of the v*electron orbits of 
adjacent atoms In polymer main chain are evenly 5 
distributed along the polymer main chain. The 
conjugated macromolecular material actually used 
is electrically neutral, containing substantially nei- 
ther electron-donating dopants such as Na and K 
nor electron-accepting dopants such as iodine and io 
PFs. A very small amount of the above dopants 
may be contained so far as their presence causes 
substantiaty no alteration of the v-conjugated 
macromolecular material In nature. If the «-con- 
jugaled macronK)lecular material contains the dop- is 
anis as is the case with such material produced by 
electrolytic polymerization, these dopants may be 
ellmina^ from said macromolecular material ac- 
cording to the ordinary process since the macro- 
molecular material used herein is electrically neu- 20 
tral. 

The Y-conjugated macromolecular materials 
appropriate for use In the electric conductivity- » 
controlled element of the present invention are 
include poly-p-phenylenevinylene; poly 2. 5- 26 
thienylene vinylene; poly 2, S-dimettioxy-p- 
phenylenevinylene; polyacetylene; polypyrrole; 
poiyaniOne; potythiophene; poly-para-phenylene; 
their derivatives; and the like. As a matter of 
course, two or more of these materials may be so 
mixed for use. 

For the purpose of the present invention, v 
conjugated macromolecular materials which have 
been oriented, may preferably be used. The ori- 
entaftion can be performed according to well known 35 
processes such as stretching. Significant effects 
may be caused by stretching at least 0.5 times, 
preferat>ly at least 1 time. 

The ferroelectric material used herein is a class 
of the dielectric substances. The polarizatton states 40 
or degrees of some of the dielectric materials de- 
pend on their histories. And those dielectric materi- 
als exhit>tt unique properties such as spontaneous 
polarization even in the absence of any electric 
fields applied. Said group of the dielectric materials 45 
have characteristics very similar to those of fer- 
romagnetics in many respects (although, of course, 
distinguishable from ferromagnetics), and are 
called "ferroelectric materials". 

Ferroelectric materials may, in terms of chemi- so 
cal compositfons and structures, be classified into 
the following four Groups: a) Groups of tartaric acid 
salts or tartrates; b) Group of phosphoric acid salts; 
c) Group of oxygen octahedrons; and d) Group of 
the others. 55 

Typk:al of ferroelectric materials belonging to 
Group (a) are Roschel salt or potassium sodium 
tartrate (NaK(C4H406)*4H20). Other ferroelectric 



materials of Group (a) are. for example, UK- 
(CiHiOs)MH20; NaNH4(CiH40c)MH20; NaRb- 
(C4H408)*4H20: and NaTl((XH406)'4H2O. 

Ferroelectric materials belonging to Group (b] 
are typically represented by potassium phosphate 
(KH2POO. Other examples are NH4H2PO4: 
KH2AsO«; and RbHaPO^. 

Fenroelectric materials befonglng to (aioup (c) 
are typically represented by t)arium titanate 
(BaTiOa). Other examples are cadmium 
pyroniobate (Cd2Nb207); lead metaniobate 
(PbNbaOfi) and tungsten trioxide (WOa). In each 0I 
these materials an octahedron is formed by erwir- 
cling a single, small, easily polarizable fon (Ti^ in 
case of fc>arium titanate) with six oxygen fons 0^*. 

Ihe other fenroelectric materials belonging to 
Group (d) are» for instances, guanldlne aluminium 
sulfate hexahydrata (NHC(NH2)2A1H(S04)2*6H20); 
glycine sulfate ((CH2NH2CXX}H)t H2S0i); and 
thiourea SC(NH2)2. 

Fenmlectric materials usable herein further In- 
clude inorganic materials such as potassium 
dihydrogen phosphate. t)arium titanate, lead 
titanate, lead niobate, lithium tantalate and potas- 
sium sodium tartrate, or organic materials such as 
polyacryk^nitrile, polyvinyl alcohoL polyethylene ox- 
ide, cellulose, polyvinyl fluoride their derivath^es 
and the like. Two or more of these fenroelectric 
materials may be mixed for use. 

In the present Inventfon it is Important to dis- 
pose the fenroelectric material so cfose to the «- 
conjugated macromolecular material that the po- 
larization induced in the ferroelectric material may 
change the electronk: condition of the v-conjugated 
macromolecular materiaL 

Ihe term "electric polarization" used herein 
means electric polarization of a dielectric sut>- 
stance (insulator), which may be called "dielectric 
polarization". Although electric polarization of such 
a material depends for its classification on the 
electrical structure of the material, it can be clas- 
sified Into 'electronk: polarization", "bnic polariza- 
tion", and "orientation polarization" in terms 0I 
mechanism. Bectronic polarization is referred to as 
electric polarizatfon caused by a change in distrilsu- 
tion of electrons In atoms or molecules under an 
electric fieki. Ionic polarization is referred to as 
electric polarization caused by ions among dielec- 
tric polarizations of ion crystals. This fonic polariza- 
tion is caused by displacements of positive and 
negative ions from their equilibrations in opposite 
directions in an ionfo crystal wtien an electric field 
is applied to the ionfo crystal. Also, modification of 
electron cfoud within the core of an kxi contritHites 
to the polarization. Ftnaily, orientation polarization is 
referred to as electric polarization caused by the 
distritxition of orientations of permanent dipoles In 
a substance composed of molecules having the 
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dipdea Mng biassed in the direction in paraliel to 
an dectric field wlien appBed to the substance. The 
present invention covers aO of these different po* 
lariiatlons. 

In the present invention, there may be used 
any metlxKls for dispodng the ferroelectric material 
and the v-conjugated macromolecular material 
dose to each other. 

Concretely, tliere may t)e used a thin film 
which comprises a mixture of the ferroelectric ma- 
terM and v-conjugated macromolecular material. 
The thin film may be prepared, for example, by 
dissolving the fenroelectric material in ja suitable 
solvent to obtain a solution thereof, impregnating 
the «-ooniugated macromolecular film with the fer- 
roelecbte solution and then, If necessary, volatiliz- 
ing the solvent from the Impregnated fihn. As an 
altemattve. the ferroelectric and ^-conjugated 
macromolecular materials may be dissolved In a 
common solvent, and then the sdutton thus pre- 
pared may be formed Into a thin fUm. Otherwise, 
fine-pulverized fenroelectric and ir-conjugated 
macromolecular materials may be mixed together, 
and the mixture may be formed to a thin film. Such 
a thin film may also be fbrmed by ion-plantatton of 
the ferroelectric material in a ««conjugated macro- 
molecular film or by sputtering the ferroelectric 
material to a v-conjugatad macromolecular film. No 
matter which method may be used, it is essential 
that these different materials be disposed close to 
each other. . 

The afores^d film forming method can t>e clas- 
sified into wet and dry ones. The wet method uses 
an appropriate medium in forming the film, where- 
as the dry method uses a vacuum vessel In for- 
ming *e film. The degree of vacuum will depends 
on a particular dry process actually employed. 
Generally the dry method has an advantage of 
paying no consideration to adverse effects on film 
products by air such as would be caused in the 
wet method, and accordingly the former may be 
called "clean process". Equipment required for the 
dry method, however, is very expensive, and the 
dry method is disadvantageous in that it can treat 
only a small number of n^erials for the film as 
compared with the wet method. 

Examples of the wet method are Langmuier 
Brogette method (LB method), sohrent casting 
method and electrochemical method. The l-ang- 
muier Brojett method comprises allowing an al- 
iphatic compound having a cartx>xyl group such as 
stearic add to fioat on water and then dipping the 
floating material onto a substrate. 

The solvent casting method comprises dissolv- 
ing a selected material in a solvent, dropping the 
tfHJS prepared sohifion on a substrate and then 
evaporating the solvent from ttie solution-dropped 
substrate to ot>tain a film coating on the substrate. 



evaporation on the si 
r be slowly evaporated 
lordbly be evaporated 



5 The electrochemical method comprises dis- 
solving selected materials in an electrolyte and 
then subjecting the thus (fissoNed material to oxh 
dalion or reduction reaction to prepare a film ma- 
terial arid effect film fbrmaHon. 
10 Examples of the dry method are chemical va- 
por depodtion method (CVD method), vacuum var 
por evaporation method, epitaxial growth method 
and sputtering method 

The CSfO method comprisee Introducing a se- 
ts lected gas into a vacuum vessd and then energeti* 
cdly activafing fiie thus Introduced gas by expo- 
sure to light, heat or plasma, thereby preparing a 
film material and effecting film formation. 

The vacuum evaporation method comprises 
20 evaporating a sdected materid by dectricd heat- 
ing in a vacuum vessd (10"« to 10"' Ton), there- 
t>y vacuum depositing or laminating the thus evap- 
orated materid on a substrate. 

Likewise, the epitaxid growth method com- 
2S prises evaporating a sdected materid and control- 
ling every lamination of the vapor deposited ma- 
terid layers (thickness of each layer bdng severd 
angstrom) on a substrate in an ultra4iigh vacuum 
vessel (10-« to 10"" Toa). 

These vacuum evaporation and epitaxid growth 
methods require eledric healing of selected materi- 
ds to be evaporated. Some materials which may 
be easily damaged by heating cannot be used in 
these methods and. however, such ttiermdiy de- 
S5 structible materids can be laminated by the use of 
a so-cdied sputtering method. More spedficdly, a 
rare gas (such as argon) exdted or ionized by 
electron beam or electric discharge is radiated onto 
the surface of a selected solid materid to sputter 
40 the surface materid and the sputtered surface ma- 
terid is then laminated on a sut)strate. 

Necessary films may be formed by any of the 
methods described at>ove. 

An example of the electric element of the 
45 present invention is described below witii reference 
to the accompanying drawings. 

Rg.1 shows schematicdiy an electric element 
according to the present invention. The element 
shown comprises a substrate 7 made of a dielect ric 
50 substance such as pdyetfiylene^The-sul>strate Is 
provided on one side 7a witii input and output 
metd electrodes 1 and 2 (such as goki coatings) 
spaced at a predetermined distance and further 
with a ir-conjugated macromolecular coating 4 so 
55 that it encloses and makes ohmic-contact with the 
input and output metd electrodes 1 and 2. The ir- 
conjugated macromolecular coating 4 has ferro- 
electric substance mixed therewitii, but the 
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iugated macromolecules make up a continuous 
phase at least between the Input and output elec- 
trodes 1 and 2, thus permitting electrons to travel 
between these electrodes. 

The substrate Is provided on the other sicto 7b 
with a first control electrode 3 such as gold coating 
on the other surface 7b. 

A dielectric film 5 such as polyethylene film is 
provided on said ir-conjugated macromolecular 
coating 4 mixed with the ferroelectric material. A 
second control electrode 6 such as gold coating is 
provided on the dielectric film 5. The plane in 
which the metal electrodes 1 and 2 are laid is 
sandwiched in between the first and second control 
metal electrodes 3 and 6. 

The electric element constructed as mentioned 
above functions as follows: 

When an electric field v4iose strength is not so 
high as to cause dielectnc breakdown between the 
first and second electrodes 3 and 6, is appled to 
between these electrodes, the ferroelectric sub- 
stance of the fenroelectric-and-w-conjugated macro- 
molecular mixture film 4 will be polarized, thus 
causing the ^conjugated macromolecules in tfie 
dose proximity of the polarized ferroelectric sub- 
stance to be excited. It is generally known that the 
conductivity of the T-conjugated macromolecular 
-material^angear-from-^lO-'-to 10"» S^cm"^ or 
below when the material is electrically neutral and 
that the conducth/ity of the v-conjugated macro- 
molecular material in its excited stats will increase 
to at least 10^ times that of an electrically neutral 
one. In the present invention, the ^conjugated 
macromolecules are. of course, not partknilarty 
limited in degree of variation in their conductivity, 
and the degree of variation may t>e such that the 
maaomolecules are usable as a material for the 
electric element It however, suffk:es that the con- 
ductivity of the irconjugated macromolecular ma- 
terial in the ^{ectric conductivityKX)ntrolled element 
increas* - ^ iMo 10^ times that of the neutral one 
whe excited state. 

:egree of excitation of the ^-conjugated 
noiecular material can be determined, for 
. lance, in terms of the conductivity of the ma- 
terial. It is realized that the conductivity of the 
ferroelectic-and-trconjugated macromolecular mix- 
ture film 4 t3etween the Input and output electrodes 
1 and 2 changes greately depending on whether an 
electric field Is applied to between the control elec- 
trodes 3 and 6. This permits the conductivity of an 
electric corKkJctivity-oontrolied element to be con- 
trolled according to the new principle. 

The electrte element of the present invention is 
applied between the control electrodes 3 and 6 and 
is different in manner of control from a conventional 
FET (fiekl effect transistor) in which a voltage is 
appfied to between the reference or source elec- 



trode 12 (correspondino to either the electrode 1 or 
2) and the control or gate electrode 13 
(corresponding to the control electrode 3 or 6) as 
shown in Rg.2. 

5 Tlie eiectic conductivity-controlled element of 
the present inventton is capable of functioning as a 
memory in which its maximum and minimum con- 
ductivities represent binaries "1 ' are! "O" respec- 
tively. The resistivity of the mbcture film of the 

10 electric conductivity-controlling element can be 
changed in response to the variation In strength of 
an electric field applied, and, therefore, it can form 
an Inverter and a togk^ circuit Also, it can be used 
as a switching element 

76 The electrodes 3, 6 and electrodes 1. 2 are 
electrically functional independently of, and sepa- 
rately from, each other, and therefore, the electric 
conductivity-oontrolled element can be used as a 
relay not only for d.c. signals but also for a.c. 

20 signals. 

In short, application of a.c. or d.c. electric field 
across tiie electric conductivity-controlled element 
of the present inventton causes electric polarizatton 
of the ferroelectric substance in its ferroelectric- 

25 and-*-conjugated macromolecular mixture film, 
thereby permitting the element to function as a 
switching, memory or ax:, or d.c. relay element 
Advantageousjy J5uch jan active element can be 
reduced to a very small size. 

30 Thanks to the use of the new operating princi- 
ple which is totally different from the conventional 
field effect transistor, the electric conductivity-con- 
trolled element' of the present invention is structur- 
ally simpler than the fieW effect transistor, and it 

35 can function as an a.c. relay in addition to switch- 
ing and memory elements the performances of 
which the conventtonal field effect transistor can 
assume. 

In the eiectic conductivity-controlled element 
40 of the present invention, its electric conductivity 
can be controlled In terms of a single molecular 
chain in the ferroelecfric substance, and therefore 
theoretically it can be made up by a single molecu- 
lar chain. This permits a drastic increase of the 
45 degree in which such actwe elements can be irt- 
tegrated in a given minute space as compared with 
a conventional active element 

Brief Description of Drawings 

50 

Rg.1 shows schematically tiie structure of an 
electric element according to one embodiment of 
the present invention. 

Rg.2 shows schematically ttie structure of a 
55 conventional FET using a conductive macro- 
molecular material. 

In Fig.1, input and output electrodes are in- 
dicated by 1 and 2; control electrodes are indicated 



9 



EP04G0242A1 



10 



15 



20 



by 3 and 6; a mixtum coattng is Indicated ty4;an 
insulator layer Is indicated by 5; and an insulator 
substrate Is indicated by 7. 

Best Mode of Carrying out the fcwentton « 

The present Invention will be described belowr 
in terms of examples wNch should be understood 
only as being illustrative. The present invention 
should not be restrictive to any of such examples. to 

(Example 1) 

A water solution of a polymer molecule precur- 
sor of poly-p-phenylenevinylene (PPV) was pre- 
pared as was taught in US Patent 3,401»152 Issued 
to RA Wdssling and R.6. Zimmerman in 1Q68. 
Potassium dihydrogen phosphate (KDP) was added 
to the water solution thus prepared In the ratio of 
91.58 percent by weight with respect to PPV. The 
mixture solutkjn was dropped onto an SiOa layer 
(dielectric layer 7 in Rg.1). which had electrodes 1 
and 2 coated thereon, and then a one-micron thick 
film was formed on the SiOz layer by spincasting. 
The film so fonned was heated at 200*>C for 8 25 
hours in vacuum, and the precursor was changed 
to PPV. 

A — ten-mieron-:^thicfc— polyethylene— coating 

(dielectric film 5 In Rg.1) was fomned on the mix- 
ture film by vacuum deposition, and then elec- 
trodes 3 and 8 were formed by depositing gold in 
vacuunt 

Ttie conductivity of an electric conductivity- 
controlled element thus made was 10"^® S*cm"* 
in vacuum under an electric field of below 10^ ss 
V^ between the electrodes 3 and 6. whereas the 
conductivity of the electric conductivity-controlled 
element was 10"^ S*cm"^ in vacuum under an 
electric field of over 1(P V/cm therebetween. Thus, 
the conductivity of the electric conductivity-con- 40 
trolled element was obse^ed to Increase 1(F 
times. 

It was revealed that application of an electric 
field of controlled strength permits controlling of 
the conductivity of the v-conjugated macro- 45 
molecular substance. 

(Example 2) 



A water-and-ethanol (1:1) solution of a polymer so 
precursor of polythienylene vinylene (PTV) was 
prepared as was taught by I. Murase et al.. Poly- 
mer Commun.. 28. 229 (1967). Potassium 
dihydrogen phosphate (KDP) was added to the 
water-and-etharK)l solution thus prepared in the ra- ss 
tio of 91 .58 percent by weight with respect to PTV. 
The mixture solution was dropped onto SiO? - 
(dielectric layer 7 in Fig.1). which had electrodes 1 



and 2 coated thereon, and then a one-micron thick 
film was fbnned on the SiOa by spincasting. The 
thus formed film was heated at 200% for 8 hours 
in vacuum to change the precursor to PTV. 

A ten-micron thick polyethylene coating 
(dielectric fUm 5 in f=lg.1) was formed on the mix- 
ture film by vacuum deposition, and titen elec- 
trodes 3 and 8 were fbnned by depositing gokl in 
vacuum. 

The conductivity of an elecbic conductivity- 
controlled element tiuis made was 10"^^ S*cm-^ 
in vacuum when an electric field of bekm 10* V/cm 
was appBed between the electrodes 3 and 8. 
whereas the conductivity of ttie electric 
conductivity-controlled element vras 10^ S*cm-^ 
In vacuum when an electric fieW of over V/cm 
was applied to between the electrodes 3 and 6. 
Thus, tiie conductivity of tiie electric conductivity- 
controlled element was observed Id increase 10^ 
times. 

It was revealed ttiat application of electric field 
of controlled strengtti permits controlling of the 
conductivity of w-con]ugated macromoiecular sub- 
stance. 

(Example 3) 
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Qoki-was vacuum-deposited onto a thirty-mis. 



cron tt)ick polyettiylene substrate 7 to form elec- 
trodes 1 arxJ 2 as shown in Fig. 1. These elec- 
trodes were used to form a polypyrrole film on the 
polyettiylene sut>strate 7 by etetropohrmerization in 
an acetonitrile solvent containing polypynrole and 
tetramethyl ammonium paratoluene suHbnale. Ac- 
cording to an ordinary process, the polypynrole film 
thus formed was dedoped to be made electrically 
neutral. The dedoped polypynrole film was impreg- 
nated witii a dilute hydrochtoric add solution in 
which pottasium sodium tartrate was dissolved. The 
amount of pottasium sodium tartrate impregnated 
in tiie polypyrrole film was 10 percent by weight 
The polypyrrole film impregnated vinth ttie dilute 
hydrochloric acid solution was stretched about 3 
times under an electric field of 50 ICV/cm and was 
ttien freed from ttie dilute hydrochloric add by 
evacuation to obtain a stretched polypyrrole film. 

A one-micron tttick polyettiylene vires applied, 
as an, dielectric coating 5, to the ttius obt^ned 
pdypyrrole film 4 by vacuum deposition. Finally, 
- gdd was applied to complete electrodes 3 and 6 
by vacuum deposition as shown in Fig. 1. 

The conductivity of an electric conductivity- 
controlled element ttius obtained was 10"* S*cm"^ 
in vacuum when no electric field was applied to 
between ttie electrodes 3 and 8. whereas ttie con- 
ductivity of this electric conductivity-controDed ele- 
ment was 10"* S*cm"' when 50 volts were ap- 
plied to between electrodes 3 and 8. Thus, the 
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conducdvity of the electric condudJvfty- controlled 
etoment was observed to increase 10^ times; 

K was revealed that appHcation of an electric 
field of controlled strength permits controlling of 
the conAictivity of the -rconjugated maao- 
molecular substance. 

Possible Industrial Applications of the InvenBon 



The method of the present invention uses a 
totally new operating principle, and an electric ele- 
ment using such operating principle can be used 
as a memory element a switching element a.c. 
and dx. relay elements and the lilce. 

aalms 

1. An electric elemem characterized in that it 
comprises: 

a mconjugated macronrx)lecular material 
which Is liable to increase its conductivity 
when it is put In excited state by polarization of 
a (fieiedric sut)stance; 

a fen'oelectric materia disposed close to 
said v-conjugated macromolecular material; 

a pair of input and output electrodes dis- 
posed at the opposite ends of said t-coo- 
jugated'macrbmolecuiar n*^^ make their 
respective ohmlc-contacts therewith; and 

a pair of control electrodes disposed so as 
to sandwich said v-conjugated macromolecular 
material in the direction perpendicular to the 
direction in which said input and output elec- 
trodes are laid, whereby application of an elec- 
tric field between said control electrodes 
changes the conductivity of said electric ele- 
ment between said input and output electrodes 
correspondingly with ttie voltage so appfied to 
tiierebetween. 

Z An electric element according to claim l 
wherein said vconjugated macromolecular 
material Is an oriented one. 

3. An electric element according to claim 1 
wherein said ferroelectric material Is disposed 
close to said ir-con]ugated macromolecular 
material by mixing said lermelectric material 
wiUi the v-conjugated macromolecular mate- 
rial. 

4. An electric element according to any of claims 
1, 2 and 3 wherein it further comprises a 
dielectric film to separate each of said control 
electrodes from said v-conjugated macro- 
molecular material. 



conjugated macromolecular material, which 
material is llat>le to increase Its conductivity 
when put in its excited state by polarization of 
a dielectric substance, characterized in that it 

5 comprises: 

disposing a fenroelectric material so close 
to said irconjugated macromolecular material 
tiiat polarization of said ferroelectric material 
may cause excitation of said v^conjugated 

10 macromolecular material; and 

applying an electric field of controlled 
strength to said ferroelectric material to cause 
polarization of said ferroeleGtric material, there- 
by putting said ir-conjugated macromolecular 

IS material In its excited state and pennltting the 
conductivity of said v-coniugaM macrc^ 
molecular material to change correspondingly 
with the strength of said electric field. 

20 S. A mettu3d of controifing ttie conductivity of a «- 
conjugated macromolecular material accorcfing 
to claim 5 wherein said »-oonjugaled macro- 
molecular material is an oriented one. 
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5. A method of controlling the conductivity of a v 
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FIG. 2 
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